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7KHUHVHDUFKTXHVWLRQVUHJDUGLQJVDIHW\DQGHIILFLHQF\H[FHSWWKHILUVWRQHFDQEHDQVZHUHGE\PHDQV
RI WKH ORJJHGGDWDGXULQJ WKH MRXUQH\VZKHUHDV WKH UHVHDUFKTXHVWLRQV UHJDUGLQJHQYLURQPHQWDODVSHFWV
KDYHWREHDQVZHUHGE\PHDQVRIWUDIILFIORZVLPXODWLRQV6RPHRIWKHORJJHGYDOXHVDUHFRLQFLGHQWDOO\
SHUIRUPDQFHLQGLFDWRUVVXFKDVEUDNHSUHVVXUHODWHUDOGHYLDWLRQLQODQHUHODWLYHYHORFLW\HWFZKLFKJLYH
WKH RSSRUWXQLW\ WR DQVZHU WKH UHVHDUFK TXHVWLRQV $OO SHUIRUPDQFH LQGLFDWRUV ZKLFK DUH XVHG LQ WKH
FRQWH[WRIWKH*HUPDQ')27DUHGHVFULEHGLQ7DEOH7KHPHWKRGRORJ\RIWKHWUDIILFIORZVLPXODWLRQLV
GHVFULEHGLQFKDSWHU
3HUIRUPDQFHLQGLFDWRUV
7KHSHUIRUPDQFHLQGLFDWRUVZKLFKDUHXVHGWRDQVZHUWKHUHVHDUFKTXHVWLRQVLQFKDSWHUQHHGWREH
DFTXLUHGE\GLIIHUHQWVHQVRUV7KHPRVWUHOHYDQWSHUIRUPDQFHLQGLFDWRUVDUHVXPPDULVHGLQ7DEOH
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7DEOH5HVHDUFKTXHVWLRQVZLWKUHODWHGSHUIRUPDQFHLQGLFDWRUV
5HVHDUFKTXHVWLRQV 3HUIRUPDQFHLQGLFDWRUV
'RHVWKHGHYLFHFDXVHGLVWUDFWLRQ" H\HSLWFKH\H\DZKHDGSLWFKKHDG\DZ
,VYHKLFOHSRVLWLRQLQJDIIHFWHGSUR[LPLW\DQGODQHSRVLWLRQLQJ" ODWHUDOGHYLDWLRQLQODQH
,VEUDNLQJDIIHFWHG" EUDNHSUHVVXUH
,VQRQGULYLQJPDQXDODFWLYLW\DIIHFWHG" VWHHUWRUTXHVWHHUDQJOHVWHHUYHORFLW\
$UHWKHYHKLFOHVSHHGVLQWKHQHWZRUNFKDQJHG" YHORFLWLHVRIDOOYHKLFOHVLQWKHQHWZRUNVLPXODWLRQ
,VWKHWLPHKHDGZD\EHWZHHQWKHYHKLFOHVFKDQJHG" UHODWLYHYHORFLW\GLVWDQFH
,VWKHGLVWDQFHIURPWKHSUHFHGLQJYHKLFOHFKDQJHG" GLVWDQFHEHWZHHQSUHFHGLQJYHKLFOHDQGRZQYHKLFOH
,VWRWDOIXHOFRQVXPSWLRQDIIHFWHG" IXHOFRQVXPSWLRQVLPXODWLRQ
,VDYHUDJHIXHOFRQVXPSWLRQDIIHFWHG" IXHOFRQVXPSWLRQVLPXODWLRQ
,VDPRXQWRI&2HPLVVLRQVDIIHFWHG" &2HPLVVLRQVVLPXODWLRQ
,VWKHXVHRIWKHV\VWHPVLQIOXHQFLQJRWKHUWUDIILFSDUWLFLSDQWV" YHORFLWLHVRIDOOYHKLFOHVLQWKHQHWZRUNVLPXODWLRQ
0HDVXUHV	VHQVRUV
$V LQGLFDWHG LQ 7DEOH  GLUHFW PHDVXUHV UHFRUGHG GDWD DQG LQGLUHFW PHDVXUHV WUDIILF IORZ
VLPXODWLRQVDUHXWLOLVHGWRDQVZHUWKHUHVHDUFKTXHVWLRQV
7KHGHPRQVWUDWRUYHKLFOHD9RONVZDJHQ3DVVDW&& LVDQ LND WHVWYHKLFOHZKLFK LVHTXLSSHGZLWKD
FDPHUDVHQVRUIRUWKH/.$DQGDUDGDUVHQVRUIRUWKH$&&V\VWHP7KHVHVHQVRUVSURYLGHWKHGDWDRIWKH
ODQHDQGWKHGDWDRIWKHSUHFHGLQJYHKLFOHV%HVLGHWKHVHVHQVRUGDWD WKH&$1EXVRIWKHGULYHWUDLQLV
DFFHVVLEOHDQGGDWDOLNHEUDNHSUHVVXUHVWHHUWRUTXHHWFFDQEHUHDGRXW$QLQFDU3&LVLQWHJUDWHGLQWKH
ERRWRIWKHWHVWYHKLFOHZKLFKLVHTXLSSHGZLWKD3&$13&,FDUGRI3($.6\VWHPV7KXVWKHLQFDU3&
LVFRQQHFWHG WR WKHYHKLFOH&$1 WKH'*36&$1DQG WKH VHQVRU&$1:LQGRZV LV LQVWDOOHGDV WKH
RSHUDWLQJV\VWHPDQGWKHSURFHVVLQJDQGORJJLQJVRIWZDUHLV(%$VVLVW$'7)RI(OHNWURELW(OHNWURELW
ZKLFKLVFDSDEOHWRUHFRUGDOOGDWDV\QFKURQRXVO\

$ WUDIILF IORZ VLPXODWLRQZLOO EH H[HFXWHG WR JHQHUDWH SHUIRUPDQFH LQGLFDWRUV OLNH&2 HPLVVLRQ RU
IXHO FRQVXPSWLRQ EDVHG RQ UHFRUGHG GDWD IURP WKH )27 (\H SLWFK H\H \DZ DQG WKH KHDG SRVLWLRQ LV
REVHUYHGZLWKDFDPHUDZKLFKLVSRLQWHGDWWKHGULYHU¶VIDFH
)27LQRSHUDWLRQ
([HFXWLRQRIWKH)27
7KH REMHFWLYH RI WKLV )27 LV WR GHWHUPLQH LI QRPDGLF GHYLFHV KDYH DQ LQIOXHQFH RQ WKH GULYLQJ
EHKDYLRXUDQGLIVRLQZKLFKZD\,WLVREYLRXVWKDWIRUWKLVWDVNWKHWHVWSHUVRQVKDYHWRGULYHZLWKDQG
ZLWKRXWWKHVXSSRUWRIWKHIXQFWLRQV6LQFHWKH*HUPDQGHWDLOHG)27FRQFHQWUDWHVRQWKHFRPELQDWLRQRI
V\VWHPVWKHVXEMHFWVGULYHZLWKWKUHHGLIIHUHQWFRQILJXUDWLRQV

 RQO\ZLWKWKHQRPDGLFGHYLFHQR$'$6DYDLODEOH
 RQO\ZLWK$'$6$&&/':)&:QRQRPDGLFGHYLFHDYDLODEOH
 ZLWKDFRPELQDWLRQRIWKHQRPDGLFGHYLFHDQG$'$6
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7KH WHVW SHUVRQV GULYH WKH VDPH URXWHZLWK WKUHH FRQILJXUDWLRQV$IWHUZDUGV LWZLOO EH DQDO\VHG LI WKH
GULYLQJEHKDYLRXUKDVFKDQJHGGXHWRWKHLQIOXHQFHRIWKHV\VWHPVRUQRW
)LUVWVHWRIGDWD
$ILUVWVHWRIUHFRUGHGGDWDLVDOUHDG\DYDLODEOHDQGILUVWDQDO\VHVFRXOGEHFRQGXFWHG$VPHQWLRQHGLQ
FKDSWHU  WKHXVH FDVHZKLFK VKRXOGEH IRFXVHGRQ LV FDOOHG ³FKDQJHRI VSHHG OLPLWV´7KHUHIRUH WKH
SRVLWLRQRIWKHWUDIILFVLJQVPXVWEHLGHQWLILHGDQGWKHGULYLQJEHKDYLRXUKDVWREHH[DPLQHGLQDGHILQHG
DUHDDURXQGWKHVHVLJQV7KHGLIILFXOW\WRH[DPLQHWKHH[DFW*36SRVLWLRQRIDVLJQFDQRQO\EHVROYHGE\
PHDQVRIWKHFDPHUDSLFWXUHV7KHGLJLWDOPDSRQWKHGHYLFHSURYLGHVWKHLQIRUPDWLRQDERXWWKHSRVLWLRQ
RQO\ZKHQSDVVLQJ WKH VLJQ EXW \RXFDQQRW UHDGRXW WKHH[DFWSRVLWLRQGLUHFWO\)RU WKDW UHDVRQDQG WR
V\QFKURQLVH DOO UHFRUGHGGDWD LQ WKHYHKLFOH WKH VRIWZDUH(%$VVLVW$'7) LV XVHGZKLFKSURYLGHV WKH
RSSRUWXQLW\WRSURJUDPPHFXVWRPLVHGILOWHUVZLWK&DQGXVHWKHPLQWKHIUDPHZRUN$QHZGHYHORSHG
ILOWHU UHDGV WKH*36 WLPH&$1VLJQDORI WKH'*36 UHFHLYHUDQGFUHDWHVDQRYHUOD\RI WKH WLPHRQ WKH
FDPHUDSLFWXUHVFS)LJ


)LJ&DPHUDSLFWXUHVZLWKWLPHVWDPSVOHIWGULYHUULJKWIURQWYLHZ
:LWK WKLV LQIRUPDWLRQ SLFWXUH DQG WLPHVWDPS LW FDQ EH SURYHG LI WKH SRVLWLRQ RI WKH WUDIILF VLJQ
GLVSOD\HG E\ WKH QRPDGLF GHYLFH LV WUXH LQ DQ DGHTXDWH DFFXUDF\ $IWHU LQGHQWLI\LQJ VSHHG OLPLW
WUDQVLWLRQVZKLFKDUHLQFOXGHGLQWKHGLJLWDOPDSDQGDUHQRWLQIOXHQFHGE\DQ\URDGZRUNWKHEHKDYLRXU
RIWKHGULYHUPXVWEHDQDO\VHGLQWKLVDUHD

$ILUVWDSSURDFKLVWRDQDO\VHWKHYHORFLW\LQWKHDUHDFORVHE\WKHWUDIILFVLJQ7KHUHIRUHDVSHHGOLPLW
WUDQVLWLRQIRUH[DPSOHIURPNPKWRNPKLVFKRVHQDQGLQWKHILUVWVWHSWKHYHORFLWLHVRIDOOWKUHH
FRQILJXUDWLRQVDUHFRPSDUHG)LJVKRZVWKUHHYHORFLW\GLVWULEXWLRQVZKHUHE\WKHWUDIILFVLJQLVORFDWHG
DW P ,W FDQEH VHHQ WKDW WKHGULYHU XVHV DGDSWLYH FUXLVH FRQWURO DQG VHWV VHYHUDO WLPHV D QHZGHVLUHG
YHORFLW\,QWKLVVLWXDWLRQWKHGULYHUGULYHVIDVWHUZLWKWKHVXSSRUWRI$'$6WKDQZLWKWKHQRPDGLFGHYLFH
RQO\7KHQH[WVWHSLVWRH[DPLQHLIWKHUHLVDSUHFHGLQJYHKLFOHRUQRW

2010   Devid Will et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2003 – 2011 

)LJ9HORFLW\GLVWULEXWLRQFORVHE\DWUDIILFVLJQNPK
7KHVXEMHFWVGULYHRQQRUPDOURDGVWRJHWKHUZLWKRWKHUWUDIILFSDUWLFLSDQWVVRWKHYHORFLW\GLVWULEXWLRQ
LVGHSHQGHQWRQWKHP,IWKHVXEMHFWIROORZVDSUHFHGLQJYHKLFOHLWPLJKWQRWEHKLVGHVLUHGYHORFLW\EXW
WKHWUDIILFGRHVQ¶WDOORZGULYLQJIDVWHU:KHQFRPSDULQJWKRVHGLIIHUHQWYHORFLW\SURILOHVWKHVLWXDWLRQDO
DVSHFWV PXVW EH GHILQLWHO\ WDNHQ LQWR DFFRXQW ,Q RUGHU WR GR WKLV VLJQDOV OLNH GLVWDQFH DQG UHODWLYH
YHORFLW\EHWZHHQSUHFHGLQJDQGRZQYHKLFOHDVZHOODVWKHVWDWXVRIWKH$&&V\VWHPPXVWEHFRQVLGHUHG
WRPDNHDVWDWHPHQWUHJDUGLQJWKHLQIOXHQFHRIWKHV\VWHPVRQWKHGULYHU
7KHVLWXDWLRQGHSLFWHG LQ)LJVKRZVD VLWXDWLRQZKHUH WKHGULYHUKDVQRSUHFHGLQJYHKLFOHVZKLOH
GULYLQJZLWKFRQILJXUDWLRQDQGDQGDSUHFHGLQJYHKLFOHZKLOHGULYLQJZLWKFRQILJXUDWLRQ+RZHYHU
WKHSUHFHGLQJYHKLFOHRIWKHVHFRQGGULYHLVDSSUR[PLQIURQWVRWKLVVKRXOGQRWKDYHDQLQIOXHQFH
RI WKH GULYLQJ EHKDYLRXU HVSHFLDOO\ EHFDXVH WKH GULYHU XVHV$&& ,Q WKLV VLWXDWLRQ WKH QRPDGLF GHYLFH
VHHPVWRKDYHDQLQIOXHQFHRQWKHGULYHULQWKHFDVHRIFRQILJXUDWLRQDQG:LWKRXWWKHVXSSRUWRIWKH
31' LQ WULS WKHGULYHU VSHHGV WKHPRVWDQGGHFHOHUDWHV WKH ODWHVW ,W WDNHVDSSUR[PEHKLQG WKH
WUDIILFVLJQXQWLOWKHGULYHUUHDFKHVWKHVDPHYHORFLW\DVLQWULS
7KLVEHKDYLRXUFRXOGQRWEHIRXQGFRQVLVWHQWO\LQWKHDUHDRIRWKHUWUDIILFVLJQVRURQRWKHUMRXUQH\V
GXULQJWKH')27XQWLOQRZ7KHEHKDYLRXURIWKHGULYHULVLQIOXHQFHGE\VRPDQ\IDFWRUVWKDWDJHQHUDO
VWDWHPHQWFDQQRWEHPDGHDWWKDWSRLQW(DFKVLQJOHVLWXDWLRQPXVWEHDQDO\VHGLQGHWDLOZLWKYLGHRGDWD
WRPDNHDVWDWHPHQWLIWKH31'LVWKHUHDVRQIRUWKHUHDFWLRQRIWKHGULYHU

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7UDIILFIORZVLPXODWLRQ3(/236
$IWHU WKH DQDO\VLV RI DOO PHDVXUHG GDWD DQG WKH DVVHVVPHQW RI WKH GULYLQJ EHKDYLRXU WUDIILF IORZ
VLPXODWLRQVZLOOEHH[HFXWHG7KHWUDIILFIORZVLPXODWLRQVZLOOEHXVHGWRDQVZHUWKHUHVHDUFKTXHVWLRQV
PHQWLRQHGLQ7DEOHDQGWRVFDOHXSWKHORFDOHIIHFWVWRWKHHQWLUHWUDIILFV\VWHPLQ*HUPDQ\7KHUHIRUH
WKH WRRO3(/236ZLOOEHXVHGZKLFK LVDPLFURVFRSLF WUDIILFVLPXODWRU ,W LVXVHGIRU WKHHYDOXDWLRQRI
WUDIILF DQG LQIUDVWUXFWXUHVXSSRUWHG WUDIILF LQIOXHQFH PHDVXUHV DQG GULYHU DVVLVWDQW V\VWHPV 7KH
HYDOXDWLRQ WDNHV SODFH LQ IRUP RI PDFURVFRSLF WKURXJKSXW PLFURVFRSLF WLPH JDSV YHORFLWLHV
DFFHOHUDWLRQV DQG VXEPLFURVFRSLF IXHO FRQVXPSWLRQ HPLVVLRQV SDUDPHWHUV 7KHUH DUH VHYHUDO LQSXW
SDUDPHWHUVIRU3(/236EXWWKHUHOHYDQWRQHIRUWKHVLPXODWLRQVZLWKLQ7HOH)27LVWKHGULYHULQSXW7KH
3(/236¶ GULYHU EHKDYLRXU FRQVLVWV RI WZR PRGHOV IROORZLQJ EHKDYLRXU DQG ODQH FKDQJH PRGHO 7KH
GULYHUEHKDYLRXUPRGHOFDQFRQWUROWKHVWUDWHJLFWDFWLFDODQGRSHUDWLRQDOOHYHOVRIGULYLQJ7KHREVHUYHG
GULYLQJEHKDYLRXURIWKHVXEMHFWVZLWKDQGZLWKRXWWKHV\VWHPVGXULQJWKH)27LVXVHGWRDGDSWWKHGULYHU
EHKDYLRXUZLWKLQ3(/236DQGE\PHDQVRIYDULDWLRQRIWKHSHQHWUDWLRQUDWHVRIQRPDGLFGHYLFHVLQFDUV
WKH LQIOXHQFH RQ IXHO FRQVXPSWLRQ &2 HPLVVLRQV DQG WKH LQIOXHQFH RQ QRQHTXLSSHG YHKLFOHV LQ WKH
HQYLURQPHQWZLOOEHDQDO\VHG
6XPPDU\
7KLVSDSHUJLYHV DQRYHUYLHZDERXW WKH*HUPDQGHWDLOHG ILHOGRSHUDWLRQDO WHVW FRQGXFWHGZLWKLQ WKH
VFRSHRIWKHSURMHFW7HOH)27DQGILUVWUHVXOWVRIWKHHYDOXDWLRQ6LQFHD)27LVFDUULHGRXWLQUHDOZRUOG
WUDIILFWKHDQDO\VLVRIWKHORJJHGGDWDLVTXLWHFRPSOH[DQGWKHILUVWUHOLDEOHUHVXOWVZLOOEHDYDLODEOHDWD
ODWHUVWDJHRI WKHHYDOXDWLRQSURFHVV7KHPHQWLRQHGSHUIRUPDQFH LQGLFDWRUVGLYHUVLI\D ORWEHWZHHQ WKH
VXEMHFWVZLWKWKHUHVXOWWKDWWKHDQDO\VLVPXVWWDNHPRUHIDFWRUVLQWRDFFRXQWWRILQGWKHUHDVRQIRUWKDW
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